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SECTION I

I NTROOUCT ION

The Indirect Fire Model Computer program is a version of the model that
was originally used to conduct the "Legal Mix IV" stucqes. The original
model has been extensively modified by ARMCOM personnel in order to conduct
trade-off analyses and to assess the benefits of hypothetical changes to
weapons and munitions. The model computes effort and effectiveness measures
of a friendly artillery force in an open, one-party war game situation.
Figure 1-1 provides a generalized description of the Indirect Fire Mcdel.

SAPTILiPNY

006MMNTATIMM OFFOR•T A4ND

Figure 1-1. Generalized Description of Indirect Fire Model

The principal meas,,res of effort are the cost and weight of ammunition
expended against a list oi various area targets. Effectiveness is evaluated
by computing the amount cf personnel and material damage inflicted, and by
summarizing military worth points scored. The game is played in a time-orderd
sequence of 15-minute intervals.

The srle intent o0 this document is to provide a user manual for those
using the Indirect Fire Model to evaluate artillery systems; a detailed
discussion of the methods employed by this model will not be given. The
rationale, assumptions, and methodologies employed in this o:ogram are des-
cribed in References I and 2. A brief explanation of some ot the important
terms and methods employed in the model is provided in the following
paragraphs.

TARGET LIST

The target list, derived trom a war game and subsequent target acquisi-
tion analysis, represents the threat and demands on the friendly artillery
force. The result of the derivation is a time-ordered list of both acquired
target missions and preplanned support missions such as illumination, smoke,
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and harrassment fires. Each tarjct on the list is described by a number of
data elements, includ'Ing location, time of acquisition, estimated target
duration time, numý)er of tactical elemnts (personnel, tanks, trucks, and
Armored Personnel Carriers (APC's)1, and other estimated and actv.%l data.

jet fre ,quencj

The program allows four levels of battle intensity: low, mid, base, and
high. The target list itself represents base inLensity where each listed
target acquisition signifies a single (frequency a 1) demand on the artillery
force. For other intensities, however, the target frequency may be increased
(or eliminated) as a demand on the force. Therefore, based on an analysis of
the war game which generater; the target list, each target acquisition is
assigned a frequency for each of the allowed intensities.

Military Worth

Based upon questionnaires administered to a group of field grade officers
representing various combat arms, a scale o1 relative military worth values
has been developed for the various type tactical elements on the target list
(References 2 and 3). This military worth value is used for various purposes
in the program. First, it provides for a priority ordering of targets for
attack, whereby the acquisitions with highest military worth are attacked
first in each game time increment. Secondly, it allcx.s for a segmenting of
targets into categories which control the level of attack and allowable
ammunition weight expenditure against a target. Finally, military worth
provides for a measure of force performance by summing up the military worth
points of damaged target elements.

Target Posturi Mix

Past efforts have identified typical oostures for the eleements (personnel,
tdnks, trucks, and APK'- which make up each target (Reference 1). These
postures indicate the percentage of personnel standing, prone, and crouching
(in foxholes) as well as the status of materiel elements (static or nmving)
and proximity to the Forward Edge of the Battle Area (FEBA) for both warned
and unwarned conditions. There are 12 "posture mixes" accounting for various
combinations of these postures.

EFFECTIVENESS COMPITATION

The model employs the same basic effectiveness computation routine as
outlined iv Reference 4. This routine determines the, number of rounds and
fire units required to reach specified attack levels against estimated data
for each target, and calculates the amount of target damage inflicted in
tems of fractional survivors. The program examines each target in priority
order and identifies the possible atteck solutions available a` the time the
target is pre*ented for considera' ion.
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ALLOCATION PROCESS

The allocation process in the model controls the massing if fire units
and the tactical method of attack in determining the optilm solution against
a target. Two attack methods are examined:

(1) One-volley method. Fire units are added as necessary to reach the
specified attack levels when constrained to fire only or- volley
per unit.

(2) Multi-volley method. Fire units firing all available (within
speci'ied constraints) ammunition are added in turn in order of
effect i ven,?ss.

The order in which units at the various tactical echelons are examined and
massed depends on the echelon which aquired the target, as determined in the
war game. The order of massing fire units is st'wn in Table 1-1.

TABLE 1-1. FIRE UNIT MASSING ORDER

7Acquiring Echelon 7
Attempted Direct Support General Support I
Solution (DS) (GS) Corps

Ist Closest DS alone GS alone Corps alcoe

2nd GS alone GS & DS Corps A GS

3rd GS & DS Corps Alone All

4th Corps alone Corps A GS

5th OL Corps & GS All

6 th . . . A ll. . . . .
COMPUTATIONAL SCHEME

Figure 1-2 illustrates the conceptual flow of the program. The numbered
hexagons correspond to the following steps:

Step 1

The program initially provides for the reading of preliminary data aiw,
weapon system, round, and fire unit data from input cards. The game "irix"
of systems, rounds, and fire units is then input and verious counters, arrays,
and clocks are initialized. For each 45-minute qame interval, the program
reads in from k.ape the target data for all targets arriving during the
15-minute interval. As each target is input, it is placed on the target
array in priority order.

1-3

_ _



TAAYA

Figre1-. oneptalFlw f heIndret ir Mde

1-4u



Step 2

Each target is added the appropriate number of tl;,,vs (according to game
intensity), and counters for target acquisitions, target types, and target
composition (personnel, tanks, trucks, and APC's) are increesed. When all
targets for a given 15-minute interval have been input, the nrogram attempts
to attack each target on the priority-ordered target array. If a given target
has been previously defeated, it is removed from the target list; and if a
turget has been previously attacked but not defeated, previous damage
Inflicted is charged to the target.

Step 3

Either Direct Support, General Support, or Corps subroutines are called
to attempt engagement, depending upon the echelon (OS, GS, or Corps) which
acquired the target.

If a regular target is attacked, it is removed from the target array
and the attacked-target counter is increased. For speci.'l missions [i.e., a
smoke, -l l.7ination, or harrassment and irterdiction (H&I) mission], the
target is removed whether fired or not, with appropriate counter(s) being
increased.

After all targets on the list for a given 15-minute game increment have
been corsidered, appropriate game and fire unit (FU) clocks are increased by
15 minutes, and FU arnno counters are incremented. The program then begins
the next 15-minute game interval by reading in the targets for that interval.

Step 4

The program continues this cycle until the game clock exceeds the input
maximum game time, at which point deta4>2d data for analysis are printed (see
Model Output). The target tape is rewound and the system-round-fire unit
mix for the next play of the game is read. If no additional mixes are to
be played, the program stops.

MODEL OUTPUT

Toe initial prints include game time, game "mix" identifier, and the
cumulative nunýer of acquisitions, personnel, tanKs, APC's, trucks, and
military worth points acquired. The program credits 4 personnel per tank
killed and iS personnel per APC killed to the total of personnel killed.
(Calculations made during the course of the computer game assume the~e
personnel are inside vehicles, and are therefore not included in personnel
damage assessments.) For each weapon system the program prints the total
cost and weight of ammunition expended and the number of personnel, tanks,
trucks, and APC'. 'efeated, along with a grand total of all systems.
Additionally, the percent cf 'queued" missions (missions not fired and
dropped from the target list) and the sum of military worth points scored
are printed.
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Then a table is printed showi.g round expenditures by 1-kilometer range

increments (up to 30 kilometers) for each round type, along with a cumulative
total for each round type.

Next a table is printe!d showing number of acquisitions, targets, queued
missions, queued missions plus missions still on the target list, missions
fired, missions defeated, and missions fired but not defeated (lost). This
listing is broken down by "other" missions, regular targets, and a sum of
both.

Finally, a queued mission breakdown is printed, along with target list,
reacquired mission, and combined target totals.

COMPUTER REQUIREMENTS

The Indirect Fire MoLA• is written in FORTRAN IV, Level H, and is
currently running on an IBM 360 computer with 300K bytes of core. Running
time for a typical case is on the order of t to 7 minutes.

The remainder of this document contains:

(1) A detailed description of the input variables to the program, how
the variables are ple'ed on the input cards, how the cards are
generally arranged, and how the total deck is assemnbled to insure
proper execution (Section II).

(2) A description of the output (zection III).

(3) A list of the data deck for a sample case (Section IV).

I1
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SECTION II

INPUT

A complete description of the input parameters required to run one case
is 'illustrated on the following pages. Execution of the program requires
10 input/output devices. Thesc units are utilized in the following manner:

Logical Unit 5 Card input.

Logical Unit 6 Printing of card input (see Section III), error
messages, and intermediate output.

Logical Unit 7 Formated tape/disk output. Can be used to record
round identification numbers and number of rounds
fired for each round type.

Logical Unit 8 Target tape input.

Logical Unit 9 Card inpu:t,

Logical Unit 10 Card input.

Logical Unit 11 Card input.

Logical Unit 12 Printing of card input (see Section III).

Logical Unit 13 Formated tape/disk output. Can be used to record
firing-by-firing results.

Logical Unit 14 P~rinting of card input (see Section III), final
results of the program and error messages.

Table 2-1 gives. the. logical unit numbers to which each card type is
assigned. Figure 2-1 illustrates the data deck setup for a single case and 7
Figure 2-2 illustrates the data deck setup for' a run (consisting of one or
more cases).

TABLE 2-1 . INPUT LOGICAL UNIT ASSIGNMENTS

Logical Unit N.Card Types

5 10, 10-1 through 10-10,
11, 11-1 through 11-4,
and 12

9 1 through 9-1

C 13 through 21

11 22, 22-1, and 22-2
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Note: Cards 22, 22-1 and 22-2 are
required only if HOPr on
Card 21 is equal to zero.

Target ID's and Arrival Times

Number of Targets--.-- an 22".2

Round Employment 21

Round-System-F ire
17 •Unit Mix Data

Round-Posture Data

Round-System ID's1-2 hrogh 12 A

Found DataDat

( •]11 = Fire Unit Indexes.

f 10.1 i • F Nund~mberof Fire Units
V2through`10-10

01 Round Indexes

-Number of Rounds
9 9and 9-1 Il_

8 _ Weapon System Data

- - Number of Weapon Systems

Target Attack and Defeat Levels

.. Game Times 2

TteCrTitle Card I

Figure 2-1. Single Case Card Setup
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Note: All totals are zeroed and
Logical Units 8 and 11 are
rewound before the
beginning of each case.
Program terminates by
reading the EQF as a data
card on Logical Unit 10.

Fi7 LastCas
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Following is a cross reference of tie data card types and the correspond-
ing input parameters described in this section.

DATA CARD TYPE AND INPUT PARAMETER CROSS REFERENCE

Card Type Input Par'ameter Description

1 Title card

2 Game times

3 Target attack levels

4 Target attack levels

5 Minimum target attack level

6 Target defeat levels

7 Posture description

8 Number of weapon systems

9 and 9-1 Weapon system description

10 Number of rounds

10-1 Round indexes

10-2 and 10-3 Round description

10-4 Range values

10-5 CEP, round-to-round

10-6 Standard deviation of total error in ranges

10-7 Standard deviation of total error in deflection

10-8 Lethal areas for HE rounds

10-9 and 10-10 ICM input

11 Number of fire units

11-1 Fire unit indexes

11-2 Number of sites for each fire unit

2-4
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Card Type Input Parameter Des.ription

11-3 Fire unit ID

11-4 Fire unit times and positions

12 Round-system ID's

13,14,15 Round-posture Data

16 Mix title

18 Weapo.n system mix

19 Round mix

20 Fire unit mix

21 Critical eiployment of rounds

22 Number of targets

22-1 Target ID's

22-2 Target ar-ival times

23,24,25 Target tape input

2-5
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TABLE 2-2. POSIURE NUMBERS

Posture ID Number Target Main Element

0 through 4 Personnel

5, 6 APC

7 through 10 Tank

11 Truck
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TABLE 2-3. TARGET INDEXES

Index Target

1-10 Standing personnel in an open
envi ronment

11-20 Prone personnel in an open
env, ronment

21-30 Personnel in foxholes in an open
envi ronment

31-40 Tank in an open environment

41-50 APC in an open environment

51-60 Standing personnel in woods

61-70 Prone personnel in woods

71-80 Personnel in foxholes in woods

81-90 Tank in woods

91-100 APC in woods

101-110 Truck in an open envirorinent

111-120 Truck in woods
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TABLE 2-4. TARGET MISSION INDEXES

Index Target Mission Type

I Artillery

2 Mortars

3 Antiair

4 Antitank

5 Missile/Rocket Launchers

6 APC

7 Tank

8 Command Post

9 Observation Post

10 Assembly Area

11 Engineer Units

12 Service Units

13 Aviation Urits

20 H&I Mission

30 Illumination Mission

40 2reparation Fires

50 Counter-prep Fires

60 Smoke Mission

70 Final Protection Fires
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SECTION III

OUTPUT

The output Of the Indirect Fire M4odel Program consists of two groups of
data. The first group is a printing of card inputs which provides an input
record for a given run (a run consists of one or more cases). The second
group consists of intermediate and final results of the program for each case.

Figure 3-1 illustrates the output produced cn Logical Unit 6. Part A
iý a listing of the conten~ts of card types 16 and 18 through 21. I'e last
line of Part A is the value of the flag HOPT (card type 21). Part B is a
listing of the target identification numbers and arrival times of target
reacquired after being defeated. This output is produced ot ce per case.

Figure 3-2 illustrates the output produced on Logical Unit 1. The first
two lines include the number of round types in the present case and the con-
tents of card type 16. The nex.t line is a listing of the values entered on
card typ't 17. The remainder of the output is the round identification numbers
followed by the total number of rounds fired for each round type. This output
is produced once per case.

Figure 3-3 is an illustration of the output written onto Logical Unit 11.
The number of targets, the target identification number. and target arrival
time for each target are written. This output is produced once per case if
HOPT (card type 21) is not equal to zero.

Figures 3-4. 3-5, and 3-6 illustrate the output produced on Logical Unit
12. This output is a listing of the contents of card types 2 through 7, 10-2
through 10-10, 11-1 through 11-4, and V~ through 15 as the cards are read by
the program. The numbered hexagons correspond to the line numbers given in
Tables 3-1, 3-2, and 3-3 respectively. This output is produced once per run.

Figure 3-7 is an illustration of the output produced on Logical Unit 13.
Each line includes target identification number, target arrival time, range to
target from given fire unit in kilometers, the round and system identification
numberst number of rounds fired; numbers of personnel, tanks, APC's, and trucks
defeated; game time in hours; posture number of target 'inain element; a flag
indicating where in the program the line was written (See Table 3-4); and the
number of target main elements in the target. This output is produced for
each firing of each case.

Figures 3-8 and 3-9 illustrate the output produced on Logical Unit 14.
Figure 3-8 is a listing of the cortents of card types 1, 8, 9, 9-1, 10, and
11 as read by the program. Figure 3-9 is an illustration of the final results
of the prociram whicn includes the game ending time; the contents of card type
16; the nLiaber of targets; the number of target acquisitions; the total number

3-1



of personnel, tanks, APC's, and trucks acquired; and the total military worth
of all acquisitions. Also for each weapon system, the weapon system identifica-
tion number; the cost and weight of the ammunition expended- and the number of
personnel, tanks, APC's and trucks defeated are printed. For each round type
the round identification number, the number of rounds fired for various target
ranges, and the total number of rounds fired are printed. The variables PCTQ
and MW are, respectl'ely, the percentage of acquisitions which were not firings
and the total military worth of the defeated targets.
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TABLE 3-1. LINE NUMBERS FOR FIGURE 3-4.

Line Number Contents

1 Card Type 7

2 Card Type 10-2

3 Card Type 10-3

4 Card Types 10-4 through 10-7

5 Card Type 10-8
6 Card Type 10-9
7 Card Type 10-10

Note: Lines 2 and 3 are printed for each round. Lines
4 through 7 are printed for each different round, withline 5 for HE rounds and lines 6 and 7 for ICM rounds.

TAr. E 3-2. LINE NUMBERS FOR FIGURE 3-5.

Line Num,,r Contents

1 Card Type 11-1

2 Card Type 11-2

3 Card Type 11-3

4 Card Type 11-4

Note: Lines 2 and 4 are printed for each different fire
unit (see Section II). Line 3 is printed for each fire unit.

3-9



* 0 P1own* 0P1

* 0 0 * * * v 0 *

:- P1 - -. -: : - -

m* P1"m P1 10 low, 1

° 04

NN NO N P4 fu N Nu N. .. . .. . . .... . •.. .. C

*P1P000P1P1.OON P1booP1 10 N 1 O O 9 P.. P.1 19P 19a moo 09 CX 04 O ON PgN o
#9 m9 f% m A

o-- -:- -: : -- -. -: -

0

*~~~~~i #1 61 P 1 *P 1 P 1 in P

* It .i t* o A A N N M N N

, in 1 n A * Po 10 oo 0 0 0

0 * 0 C, eeP1 0 o A1 a1 P1 0 P1 @0 1 A a

. . . . . . . . . . ..

0 a0 aoa0 0 0 00. cAo 0 Ia0

ft It C e c P1 P1 01 0 a .- me 0 o.ta -f~ 0M t
. .a . ..,

P1 0Wo a 0 0 0 P1 0 0f #p W00 P11 0 0P @ 00

3-10

*..................................................-



000 ~p*@*O000 * 0000om0 00 A000,000,00 . m O O . . 0..e
0 ......... . ... . . . . .. . . . ...... . . . . . . .. ..

W-p - - - -- -

.* . . . . . . . .

.* . .% . %% . . % % . . . 1 ."

a 00ftwa 00 000000 0 0 0 eaaWI0000ot me a 00fý00 a004 000000.U aoft 0

-9 Z44000OMaOOOOeO*of 0002 00ftee0000"00000& f4;z;;0OO" 00000000600

00 0 0f aaaf

a 000 0 0lo

a 00-0 :0 Zop0 mo0000P0 9-own O aa O O@ 0000000000
V:. . .% z . . . .

41 *eao aamaeao oa0oýeeeeOfeooag. 0 00 000 COO 401@M010000

p- ..... . .. .~aeo a. O a o ee e e e e.a O e.e.oe. .. @0..0

0ý .1..% *AJ 440 4904.A ft.P -09 -*A--iO--- O 0 00 41P AN

'A . P00 0.1.0,0o" P00 .*a %'-0 P 0 a0m 00, a 01 aO 0040 v 00 010 COD 00 P1000Ma.Ad 00% . M.C 0 00 a0,O M..

-1 -- -~~- - --- - --- ----

U,. 494 0 0 p 4- A 0 0 p- @ d M o o . . 4 0 0 Cd
pe . . . .2.1 .!!

00D A k. 1;a0 - # .. P .. -ý .. P1 F0 0- Ad I- &. qA- -- .c.

*.eo4000aoeo,04~~4- 00 0 0 00-04ao ~ .0 4a-eaaaoa.O

00000-04 4 00 000 000C000000 0 0 000 0.0000 0, N 1 00.0

3-1



TABLE 3-3. LINE NUMBERS FOR FIGURE 3-6.

Line Number Contents

I Card Type 12

2 Card Type 13

3 Card Type 14

4 Cdrd Type 15

Note: Line 1 is printed for each weapon system.
Line 2, 3, and 4 are printed for each posture number.

TABLE 3-4. MISSION Numbers

Mission Number Printed In Routine

1 DIRUSP

2, 3, 4, 5 DIVISN

6, 7 SHMUVL

8, 9 SHONUL

10, 11, 12, 13 CORPS
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SECTION IV

SAMPLE PROBLEM

All values of the variables required for the proper execution of the
sample problem are illustrated in this section. Figure 4-1 is a listing of
the Input data on Logical Unit 5, Figure 4-2 is a listing of the input data
on Logical Unit 9, Figure 4-3 is a listing of the' input data for Logical Unit
10, and Figure 4-4 is a listing of the target tape (Logical Unit 8). The
sample problem output is ilustrated and described in Section III.
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